ABSTRACT-Tumor-associated lymphocytes (TAL) were isolated from ascites ovarian tumors by stepwise application of density and velocity sedimentation on discontinuous FicollHypaque gradients and fetal bovine serum. TAL had low levels of natural killer (NK) activity compared to levels of peripheral blood lymphocytes (PBL) from the same patients or control subjects. When TAL were mixed with PBL, significant inhibition of NK activity was observed in 7 of 27 patients tested, with the suppression levels ranging from 14 to 60%. Inhibition of PBL NK activity was observed at the ratio of TAL to PBL of 1:1 or 2:1. Suppression of NK activity was detected with effector-to-target cell ratios ranging from 6:1 to 25:1 and at incubation times from 4 to 20 hours in the cytolysis assay. Tumor-associated macrophages from 6 patients were tested for suppression of NK activity. Only with 1 donor was a 17% inhibition observed at a ratio of macrophages to PBL of 1:1. Thus suppression by mature plastic adherent macrophages does not playa major role in the determination of the low levels of NK in human ascites ovarian tumors and the inhibitory activity of suppressor TAL, which had a minor contamination «5%) with mononuclear phagocytes. When TAL from 1 patient with suppressive activity were passed through nylon wool, inhibition of NK activity was observed with both adherent and nonadherent cells. -JNCI 1981; 67:319-325. Nonadherent lymphoid cells from various animal species can express significant levels of NK activity in vitro [recently reviewed in (1)]. NK activity has been suggested to playa role in vivo as one line of natural resistance against infection and neoplasia (1, 2).
Nonadherent lymphoid cells from various animal species can express significant levels of NK activity in vitro [recently reviewed in (1) ]. NK activity has been suggested to playa role in vivo as one line of natural resistance against infection and neoplasia (1, 2).
The significance of NK cells in the control of established neoplasms remains to be determined. Studies on NK activity of lymphocytes isolated from experimental and human tumors are limited and have yielded variable results. In two studies, lymphocytes isolated from selected solid human neoplasms had no NK activity (3, 4) , but in 2 murine tumors some NK cytotoxicity was detected (5, 6) .
Human ascites ovarian carcinoma provides an easily accessible source of lymphocytes, tumor cells, and macrophages in suspension (7) (8) (9) . We previously observed that TAL from ovarian carcinomatous ascites have low, but significant, NK activity. In a preliminary series of experiments, when TAL from 6 donors were mixed with normal blood lymphocytes, in three experiments inhibition of NK activity was observed (9) . Similar results were recently reported with TAL from two human breast carcinomas (10) . In rodents, suppressor cells for NK activity have been documented under various physiologic and pathologic conditions and following the administration of pharmacologic agents (11) (12) (13) (14) (15) (16) (17) (18) . The present investigation was designed to elucidate whether cells inhibitory for NK activity were present in human ovarian carcinomatous ascites and to characterize the suppressive activity.
MATERIALS AND METHODS
Human subjects.-We studied 27 patients with histologically confirmed ascites ovarian epithelial tumors. These patients were admitted to the Department of Oncology, T'Clrnica Ostetrica e Ginecologica, Universita di Milano. All patients were classified at stages III and IV. The presence of tumor cells in ascitic fluids was checked by independent pathologists.
The control population consisted of 29 age-matched patients admitted to the same clinic for nonmalignant, noninfectious gynecologic disorders (e.g., benign ovarian cysts and myomas) and 90 normal adult volunteers.
In each experiment at least 3 control subjects were tested concomitantly with ovarian cancer patients.
Heparinized venous blood (10-40 ml) was obtained by venipuncture, and carcinomatous ascites was collected by paracentesis or at laparotomy.
PBL.-Blood was diluted 1:4 with PBS (Eurobio, Paris, France) of which 40 ml was used on a 10-ml Ficoll-Hypaque gradient (Eurobio); centrifugation occurred at 400Xg for 20 minutes at room temperature. Mononuclear cells were collected at the interface and washed with PBS, and 10-30XI0 6 cells were incubated in 10-20 ml of RPMI-1640 medium supplemented with 20% FBS (GIBCO-Biocult, Glasgow, Scotland) for 45 minutes at 37°C in plastic petri dishes (#3003; Falcon Plastics, Oxnard, Calif.). Nonadherent cells were collected, centrifuged at 400Xg for 5 minutes, and finally resuspended in RPMI-1640 medium with 10% FBS and 50 p.g gentamicin/m!. Nonadherent cell preparations were only partially depleted of monocytes inasmuch as 2-4% of these cells were mononuclear phagocytes, as assessed by morphology, by avid uptake of neutral red, and by staining for nonspecific esterase; in comparison, the original mononuclear cell suspensions showed 10-30% of the cells as being mononuclear phagocytes (9) .
TAL.-Enriched preparations of TAL were obtained by stepwise application of density and velocity sedimentation on discontinuous Ficoll-Hypaque or FBS gradients (4, 9) . Carcinomatous ascites was centrifuged at 400Xg for 5 minutes. Cells were resuspended in PBS, and 20 ml of the cell suspension (l-5XI0 6 cells/ml) was stratified on a 10-ml Ficoll-Hypaque gradient. The tubes (#25330; Corning Glass Works, Corning, N.Y.) were then centrifuged at 400Xg for 20 minutes at room temperature, and the mononuclear cell layer was aspirated. To remove macrophages from ovarian ascites cell suspensions, we incubated mononuclear cells in serum-free medium (7) (8) (9) for 45 minutes at 37°C in plastic petri dishes. The procedure was repeated two to three times until contamination with mononuclear phagocytes, assessed by morphology and by avid uptake of neutral red, was less than 5%. After cells were washed with 50 ml PBS, 10 ml of the mononuclear cell suspension (~2XI06/ml) was layered on discontinuous gradients consisting of 10 ml of 100% and 15 ml of 75% Ficoll-Hypaque. The tubes were centrifuged at 1,700 rpm for 10 minutes at room temperature. Lymphocyteenriched suspensions were harvested at the 75-100% interface, and tumor cells were found on top of the 75% fraction. The procedure was repeated once or twice if separation was not satisfactory. When separation of lymphocytes from tumor cells on discontinuous FicollHypaque gradients was not satisfactory, as judged by morphologic examination of Wright-stained smears, cell suspensions (10-20XI0 6/10 ml PBS) were layered onto 10 ml FBS and incubated at room temperature for 60-90 minutes; tumor cells sedimented at the bottom of the discontinuous gradient, whereas cells with lymphoid morphology remained in the upper part of the gradient. The various phases of the separation procedure were monitored by morphologic examination of Wright-stained smears. Cell suspensions from the unseparated carcinomatous ascites and occasionally from the purified lymphocytes or tumor cells were stained with Papanicolaou's stain test and examined by independent pathologists. Lyrnphoid cell and tumor cell suspensions were accepted for use when at least 95% (usually, >98%) of the cells had the typical unequivocal morphology of the respective cell type. Less than 5% of the lymphoid cell suspensions belonged to the monocyte-macrophage lineage, as assessed by morphology, by rapid uptake of neutral red, and by nonspecific esterase staining; work in progress shows that TAL have a significant blastogenic response to phytohemaglutinin. Primary ovarian carcinoma cultures with typical morphology and lack of contact inhibition could be established from purified tumor cells (8) , but attempts to cultivate tumor cells from lymphocyte preparations consistently failed. The separation procedure described here was not effective in 7 patients, despite the presence of cells with lymphoid morphology in the carcinomatous ascites. Viability of enriched fractions always exceeded 90%, and lymphocyte recovery ranged from 50 to 0.5XI0 6 cells for different patients. When normal PBL were submitted to the same separation procedure used for ovarian tumors, NK activity was not significantly affected.
Adherence to nylon wool columns.-PBL and TAL were separated by adherence to nylon wool as described in (19, 20) . In a typical experiment, 83% of the nylon wool-nonadhcrent lymphocytes had receptors for sheep erythrocytes, assessed as previously described (9), as compared to 28% of the nylon-adherent cells and 55% of the unfractionated cells. Cells bearing complement receptors (9) were 25, 55, and 12% of the unfractionated, nylon-adherent, and -nonadherent cells, respectively. Of the nylon-adherent cells 18% were positive for nonspecific esterase. Less than 2% of the nylon-nonadherent cells were esterase-positive, as compared to the 10% of the unfractioned population.
Blood monocytes and T AM.-Monocytes and macrophages were isolated from blood and ascites ovarian tumors by adherence on microexudate-coated plastic and EDTA as previously described (8, 9) .
IFN.-Partially purified human fibroblast IFN (lot #45-10-9) was obtained from HEM Research Inc., Rockville, Md. Lymphoid cells (l-5XI0 6/ml) were cultured overnight in the presence of 1,000 U IFN/ml in growth medium. Control lymphocytes were cultured alone. Lymphoid cells were washed with 50 ml PBS before their cytotoxic capacity was tested.
Target cells.-The K562 line (21) was originally obtained from Dr. G. Bonnard, National Cancer Institute, Bethesda, Md., and was maintained in RPMImedium with 10% FBS and 50 p.g gentamicin/ml (growth· medium). Cells (1-5XI0 6 in I ml growth medium) were incubated with 20-50 p.Ci sodium chromate (VI) (Radiochemical Centre, Amersham, Buckinghamshire, England) at 37°C for 45 minutes. Labeled cells were washed twice with 50 ml of medium before use in cytolysis assays.
Cytotoxicity assay.-slCr-labeled tumor cells (2XI0 4 ) were cultured with as many A:T as possible (usually, 50:1, 25:1, 12:1 and 6:1) in 0.2 ml growth medium in round-bottomed wells of MicroTest plates (Sterlin, Teddington, Middlesex, England). The routinely employed incubation time was 20 hours, but in a number of experiments lysis was also measured after 4 hours of incubation. To assess suppression of NK, we mixed TAL and PBL at the indicated ratios immediately before the start of the cytolysis assay. Isotope release was calculated as (AI B)XIOO, where A is the isotope in the supernatant and B is the total incorporated radio-activity released by incubation with 1% sodium dodecyl sulfate. We calculated the specific lysis by subtracting spontaneous isotope release of tumor cells alone. Spontaneous 5t Cr release from K562 cells was 0.5-1.5% per hour of incubation. Statistical analysis.-Three replicates per experimental group were used, and results of cytotoxicity tests were calculated as means plus or minus the standard deviation; 4-6% increases in isotope release above base line were usually statistically significant at P<0.05 (Student's t-test). Lymphoid cell preparations from different subject populations or different anatomic sites from the same patients were analyzed by the Mann-Whitney V test. The suppressive effect of TAL was analyzed by two-way analysis of variance.
In each NK experiment, ovarian cancer lymphocytes were tested with at least 3 control subjects. A semilog plot of the specific cytotoxicity data against the number of effector cells per sample was obtained; the number of effector cells required for 33% specific lysis was graphically determined and arbitrarily defined as one LU33. Expression of NK cytotoxicity results relative to normal subjects tested concomitantly in the same experiment has been reported to consistently reduce the day-to-day coefficient of variation [defined as the ratio SD/mean of the assay (22, 23) ] and was also observed with blastogenesis tests (24) . This was confirmed in previous experiments in this laboratory (9) . Therefore, for each lYmphoid cell preparation an RCI was calculated as: XnLU33ItLU33, where XnLU33 is the average LU33 value for control subjects tested concomitantly, and tLU33 is the same value for the test subject. Thus an RCI of 0.2 indicated that five times more of test lymphocytes would be required to obtain 33% lysis when compared to what is needed for control effector cells.
RESULTS
In a previous investigation, we found that TAL from ascites ovarian tumors had low levels of NK when these TAL were compared to PBL from control subjects or from the same patients (9). These observations were confirmed in the present study, as shown by cytolysis data at an A:T of 25:1 and RCI values presented in text-figures 1 and 2.
We assessed the suppressive capacity of TAL by mixing them with PBL either from the same subject or normal donors. The routinely employed TAL-to-PBL ratio was 1:1, but in a number of experiments ratios ranging from 0.1: 1 to 2:1 were used. TAL from 7 patients significantly inhibited the NK activity of PBL, and results of these experiments are presented in detail in table 1 . Inhibition values ranged from 14 to 60% of the cytotoxicity of PBL alone and was detected at a TAL-to-PBL ratio of 1:1 or 2:1. Ascitic fluid was obtained twice on separate occasions from 2 patients (patients #4 and 6) with suppressive activity. Results of the second assay qualitatively confirmed the presence of TAL capable to suppress NK, but inhibition was lower on the second assay and was detectable only at a TAL-to-PBL ratio of 2:1. TAL from 5 donors did not significantly inhibit NK activity, but the low cytolysis of TAL alone did not add to the cytolysis of PBL.
Results from two such experiments are presented in figs. 1 and 2) .
Cytotoxicity was routinely measured in a 20-hour test. This incubation time was chosen because a shorter assay would have been impractical for application after a long separation procedure (see "Materials and Methods"). However, in a few experiments a 4-hour incubation time was also used (patients #1, 2, 3, and 7), and (table  2) . Suppressive activity was detected in the unseparated, nylon wool-adherent and -nonadherent cells, the latter being somewhat more effective inhibitors than the former. PBL or TAL devoid of suppressive activity did not acquire inhibitory capacity upon passage through a nylon wool column (table 2; Allavena P: Unpublished results ).
In vitro or in vivo exposure to IFN augments NK activity [reviewed in (1) ]. Therefore, we were interested in evaluating whether exposure to IFN enhanced NK activity of TAL with suppressive capacity. As shown in text-figure 3, in vitro preincubation with 1,000 U IFN/ml for 20 hours augmented the NK activity of TAL irrespective of their suppressive capacity.
Cells of the monocyte-macrophage series have been suggested to have an important role in suppression of NK activity in various murine systems (13, (16) (17) (18) . We therefore studied the capacity of tumor-associated macrophages from ascites ovarian carcinomas to affect the expression of NK activity. As shown in table 3, TAM from 5 of 6 patients did not modify NK cytotoxicity, a 17% suppression only being observed with macrophages from subject #10 tested at a TAM-to-PBL ratio of 1:1. Interestingly, TAM from donor 4, whose TAL inhibited NK activity, did not suppress cytotoxicity. By way of comparison, blood monocytes from 11 normal jNCI, VOL. 67, NO.2. AUGUST 1981 donors were evaluated for suppressive capacity on NK cytotoxicity, and no consistent inhibition of NK was observed (results not presented).
DISCUSSION
In a previous study (9), we observed that TAL isolated from ascites ovarian tumors had low but significant NK activity. TAL had cytotoxicity levels lower than those of PBL from the same patients, and these levels in turn were less than those of normal PBL (9). These findings were confirmed in the present series of 27 patients.
In a preliminary series of 6 ovarian cancer patients tested for suppressive activity, TAL from 3 subjects were found to have significant inhibitory activity on normal PBL NK activity (9) . In the present study, TAL from 7 of 27 patients significantly inhibited NK cytotoxicity, with the suppression values ranging from 14 to 60%. Suppression of NK activity by TAL was observed with the use of both autologous PBL and normal PBL as indicator cells. TAL inhibited PBL NK activity at ratios of 1:1 and 2:1. Suppression of NK activity was detected after a 4-to 20-hour incubation with targets at A:T ranging from 6:1 to 25:1.
Suppression of NK activity by TAL might have been due to trivial filler effects. However, no suppression of NK activity was usually observed with high concentrations of monocytes or TAM, which had little cytotoxicity against K562 under these conditions. The are unlikely to account for the suppressive activity. Freshly isolated ovarian carcinoma cells inhibited lysis of K562 in cold competition assays only at concentration exceeding 10% of the effectors (9) . Moreover, one of the TAL preparations with suppressive activity (from patient #4) was totally devoid of tumor cells as assessed morphologically in this laboratory and by an independent pathologist. Thus the low levels of contamination of TAL preparations with tumor cells do not account for TAL-mediated suppression of NK activity.
Macrophages have been shown to inhibit NK activity under various experimental conditions in rodents (13, (16) (17) (18) , and, specifically, mononuclear phagocytes isolated from Moloney sarcoma virus-induced tumors were reported to suppress natural cytotoxicity (17) . Macrophages from human ascites ovarian tumors did not inhibit NK activity in 5 of 6 donors tested. Macrophages from subject #6 caused a 17% reduction of cytotoxicity at a TAM-to-PBL ratio of 1:1. A similar lack of consistent inhibition of NK activity was observed when normal blood monocytes were tested for suppression. These results suggest that suppression by mature macrophages does not play a major role in the determination of the low levels of NK activity in human ascites ovarian tumor and the inhibitory activity of suppressor TAL, which have a minor contamination «5%) with mononuclear phagocytes. In one experiment TAL with suppressive activity were passed through a nylon wool column, and suppressive activity was recovered in both the adherent and nonadherent fraction, the nylon wooladherent cells being somewhat more effective suppressors. The presence of nylon wool-adherent and -nonadherent suppressor for NK had been documented in the spleens of neonatal mice and of Corynebacterium parvum-treated or irradiated adult mice (13, 15) . TAL with suppressive activity had lower (P<O.05) NK activity compared to that of the remaining TAL examined in the present study, although a wide overlap was found between these 2 populations (text- fig. 1 ). On this basis, one might speculate that suppressor cells are one of the factors determining the low NK activity of TAL. Alternatively, suppressive activity might be more easily detected in the presence of very low levels of NK cytotoxicity in the TAL preparation, with the endogenous cytotoxic activity interfering with the detection of the suppressive capacity. Separation of NK effectors from TAL will be required to solve this issue. Lymphoid cells isolated from various human tumors have little or no NK cytotoxicity (3, 4, 9) . The relevance of suppressive activity in relation to the depressed NK of human tumor-associated lymphoid cells remains to be firmly established.
